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(54) Electrically isolated power device package 

(57) A packaged power device (24) includes a sub- 
strate (28) including a first conductive layer (30). a die- 
lectric layer (32), and a second conductive layer (34). 
The first conductive layer (30) Is bonded to the dielectric 
layer (32). and the dielectric layer (32) is bonded to the 
second conductive layer (34). The first and second con- 



ductive layers (30,34) are electrically isolated from each 
other The substrate has a lower surface. A semicon- 
ductor die (26) is bonded to the first conductive layer 
(30) of the substrate (28). A plastic package (36) enclos- 
es the die (26) and has a lower surface. A curved back- 
side includes the lower surfaces of the plastic package 
(36) and substrate (28). 
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Description 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims priority to U.S. Provi- 
sional Patent Application No. 60/288,672, filed on May 
4, 2001 , which is incorporated by reference herein for 
all purposes. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to electronic devices, 
and more particularly to a packaged power semiconduc- 
tor device with a metal back plate that is electrically iso- 
lated from the terminals of the device. 
[0003] Electronic semiconductor device technology 
continues to rapidly advance, producing devices that 
achieve heretofore unattainable operating speeds, 
packing density, and high-temperature compatibility. 
This last characteristic, high-temperature compatibility, 
is one of more Important features. High-temperature en- 
vironments as well as high-power and high frequency 
applications are becoming increasingly important. The 
ability of electronics to withstand high-temperature en- 
vironments such as gas-turbines, automotive engine 
compartments, materials handling and fabrication 
equipment, and aircraft subsystems makes possible 
many historically impractical electronic applications for 
these environments. 

[0004] Many such high-power, high-temperature 
electronics applications inherently limit the ability to dis- 
sipate heat and power generated by the electronics. 
Thermal and power management as well as environ- 
mental protection of the electronics are therefore han- 
dled entirely by the electronics packaging. As a result, 
typical high-performance packaging criteria include me- 
chanical strength, high thermal conductivity, close 
matching of device and package themnal expansion co- 
efficients, low dielectric constant for accommodation of 
high frequency devices, and environmental protection, 
such as hemietic sealing. 

[0005]' in designing such packages, thermal manage- 
ment is important-especially at high power generation 
levels which increase the amount of heat created. Heat 
decreases the pertonnance and operating life of the 
transistor. Moreover, heal generated at the collector- 
base junction can create a temperature buildup which 
may eventually cause the device to short-circuit. 
[0006] The power device may be mounted on a ther- 
mally conductive pad which acts as a heatsink and dis- 
sipates the heat generated by the power device. In order 
to prevent electrical tosses, however, the thermally con- 
ductive pad must also be electrically Insulating. Hence, 
a thermally conducting, electrically insulating material, 
e.g., ceramic, is used for the mounting pad. 



BRIEF SUMMARY OF THE INVENTION 

[0007] In one embodiment, a packaged power device 
includes a substrate including a first conductive layer, a 

5 second dielectric layer, and a third conductive layer The 
first conductive layer is bonded to the second dielectric 
layer, and the second dielectric layer is bonded to the 
third conductive layer. The first and third conductive lay- 
ers are electrically isolated from each other. The sub- 

10 strata has a lower surface. A semiconductor die is bond- 
ed to the first conductive layer of the substrate. A plastic 
package encloses the die and has a lower surface. A 
curved backskie includes the lower surfaces of the plas- 
tic package and substrate. 

IS [0008] The curved backside of the device is attached 
to a heatsink to dissipate power generated by the power 
devtee and is configured to expand toward the heatsink 
during the operation of the power device, so that heat- 
sink is in contact substantially with the entire backside 

20 of the power device. The backside of the power device 
includes a center portion directly underiying the die, a 
first outer portion extending outward from the center por- 
tion in a first direction and a second outer portion ex- 
tending outward from the center portion in a second di- 

25 rection, wherein the center portion of the backside is 
substantially flat. The center portion of the curved back- 
side of the device overiies flatly against a heatsink to 
dissipate power generated by the power device, and the 
first and second outer portions of the backside are pro- 

30 vided above the heatsink without contacting the heat- 
sink. 

[0009] The power device is clipped or screwed to the 
heat sink. The power device is solder bonded to the heat 
sink. The center portion of the backside is solderbonded 

35 to the heatsink and the first and second outer portions 
are not solder bonded to the heatsink. The substrate is 
a direct bonded metal substrate. The substrate is a di- 
rect copper bonded substrate, wherein the first and third 
conductive layers are copper layers. The substrate is a 

40 direct aluminum bonded substrate, wherein the first and 
third conductive layers are aluminum layers. 
[0010] The power device of claim 1 , wherein the pack- 
age has a length N1 and the backside has a pitch N2, 
wherein the pitch N2 is no more than 0.002 x N1 . The 

45 pitch is a vertical distance from a center of the backside 
to an edge of the backside. The power device of claim 
1 , wherein the backside has a pitch that is no more than 
0.001 inch. 

[0011] In another embodiment, a method of manuf ac- 
50 turing a packaged power device includes providing a 
substrate having a curved surface; bonding a semicon- 
ductor die on the curved substrate; and fomning a plastic 
package to enclose the die. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 illustrates a cross sectional view of a power 
device according to one embodiment of the present 
invention. 

Fig. 2 illustrates a top plan view of the power device 
of Fig. 1 with a plastic package delayered according 
to one embodiment of the present invention. 
Fig. 3 illustrates a cross-sectional view of a power 
device with a plastic package delayered according 
to one embodiment of the present invention. 
Fig. 4 Illustrates a top plan view of a direct bonded 
metal substrate according to one embodiment of 
the present invention. 

Fig. 5 illustrates a cross- sectional view of the direct 
bonded metal substrate of Fig. 4. 
Fig. 6 illustrates a cross- sectional view of a direct 
bonded metal substrate having a curved surface ac- 
cording to one embodiment of the present inven- 
tion. 

Fig. 7 illustrates a cross-sectional view of a power 
device having a curved backside. 
Fig. 8 illustrates a cross-sectional view of a power 
device having a curved backside according to one 
embodiment of the present invention. 
Fig. 9 illustrates a top plan view of a lead frame ac- 
cording to one embodiment of present invention. 
Fig. 10A illustrates a top exploded view of compo- 
nents and tools used to manufacture a power de- 
vice according to one embodiment of the present 
invention. 

Fig. 10B illustrates a side exploded view of compo- 
nents and tools used to manufacture a power de- 
vice according to one embodiment of the present 
invention. 

Fig. 1 0C illustrates a side view of an assembly boat 
and components for simultaneously soldering sem- 
iconductor dice and leads to substrates according 
to one embodiment of the present invention. 
Fig. 11 shows a flow chart of an assembly process 
of a power device according to one embodiment of 
the present invention. 

Fig. 12A shows a simplified view of a power device 
soldered to a heatsink according to one embodi- 
ment of the present invention. 
Fig. 12B shows a simplified view of a power device 
clipped to a heatsink according to one embodiment 
of the present invention. 

Fig. 13A illustrates a first side elevational view of an 
SOT power device according to one embodiment of 
the present invention. 

Fig. 13B illustrates a second side elevational view 
of the SOT power device of Fig. 13A. wherein the 
second side view is in an orthogonal direction to the 
first side view. 

Fig. 13C illustrates a bottom plan view of the SOT 



power device of Fig. 1 3A. 

Fig. 1 3D illustrates a top plan view of the SOT power 

devrce of Fig. 1 3D. 

Fig. 14A illustrates a top plan view of a direct bond- 
5 ed metal substrate according to one embodiment of 
the present invention. 

Fig. 1 48 illustrates a cross- sectional view of the di- 
rect bonded metal substrate of Fig. 14A. 
Fig. 15 illustrates a method of manufacturing a di- 
10 rect bonded substrate according to one embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

15 [0013] Embodiments of the present invention use di- 
rect bonded metal substrates and plastic packages for 
power devices, thereby providing a simplified construc- 
tion of a power device package for mass production with 
automation, reduced costs, reduced thermal fatigue 

20 problem associated with multi-layered packages, re- 
duced themnal resistance of the package, reduced ther- 
mal fatigue effect, and the like. 
[0014] As used herein, the term "direct bonded metal 
substrate" refers to a substrate comprising a dielectric 

25 iayer and a conductive layer bonded to each other by 
heating them to a temperature between the eutectic and 
melting temperatures of the conductive layer. The con- 
ductive layers may be copper, aluminum, or the like. The 
dielectric layer may be aluminum nitride, alumina, or 

30 other ceramic materials. Examples of the direct bonded ' 
metal substrate Include a direct bonded copper (DCS) 
or direct copper bonded (DBO) substrate, a direct alu- 
minum bonded (DAB) substrate, and the like. Generally, 
the direct bonded metal substrate has two conductive 

35 layers with a dielectric layer provided therebetween. A 
more detail description of the direct bonded metal sub- 
strate will be provided later. 

[001 5] As used herein, the term "power device" refers 
to a semiconductor device that is used to regulate flow 

40 of electricity, e.g., a three temninal device such as insu- 
lated gate bipolar transistors (IGBTs), metal-oxide sem- 
iconductor field effect transistors (MOSFETs), silicon 
controlled rectifiers (SCRs), or the like. The tenm "power 
device" also refers to a packaged power device includ- 

45 ing a semiconductor device, one or more leads, a pack- 
age, a substrate, and other components generally found 
in a packaged power device. 

[0016] Fig. 1 depicts a simplified cross-sectional view 
of a packaged power device 24 according to one em- 

50 bodiment of the present invention. In the present exem- 
plary embodiment, the power device has a flat backside. 
In another embodiment, the power device has a curved 
backside, as will be explained in greater detail later A 
power semiconductor die 26 is solder bonded to a direct 

55 bonded metal substrate 28, e.g. , a direct copper bonded 
(DCB or DBG) substrate or a direct aluminum bonded 
(DAB) substrate. The die defines one or more three ter- 
minal devices, such as insulated gate bipolar transistors 
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(IGBTs), metal-oxide semiconductor field effect transis- 
tors (MOSFETs). silicon controlled rectifiers (SCRs). or 
the like ("power device"). 

[0017] The substrate 28 includes a first conductive 
layer 30. a dielectric layer 32. and a second conductive 
layer 34. A layer of encapsulant 36 is fonmed over the 
die 26, the substrate 28. and the device leads 38 that is 
soldered to the first conductive layer 30, as indicated by 
a solder layer 40. In one embodiment, the backside of 
the device 24 includes a backside of the encapsulant 36 
and a backside of the substrate 28. In one embodiment, 
the backsides of the encapsulant and the substrate are 
flushed, respectively, to provide a substantially flat sur- 
face. 

[0018] For purposes of illustration of the present ex- 
emplary embodiment, the substrate 28 is assumed to 
be a DCB having copper plates as the first and second 
conductive layers 30 and 34. One or both of the copper 
layers 30 and 34 may be tinned or plated. Alternatively, 
the substrate 28 may be a DAB substrate having alumi- 
num plates as the first and second conductive layers 30 
and 34. 

[0019] The dielectrk: layer (also referred to as a sec- 
ond dielectric layer) 32 may be alumina, aluminum ni- 
tride, beryllium oxide, or other dielectric materials suit- 
able for direct bonded metal substrate fabrication. For 
purposes of illustration, the dielectric layer Is described 
as an alumina ceramic In the present embodiment. Each 
layer of copper is about 0.0118 inch (0,30 mm) thick, 
and the alumina layer is about 0.0248 inch (0.630 mm) 
thick, making the DCB substrate about 0.0484 inch 
(1 .23 mm) thick overall. However, the substrate may be 
thicker or thinner in other embodiments. 
[0020] Fig. 2 shows a simplified top plan view of the 
device 24 with the encapsulant layer removed. A plural- 
ity of device leads 37, 38, and 39 are coupled to the DCB 
substrate 28. The first copper layer 30 has been pat- 
terned to provide a plurality of lead connecting pads (or 
conductive blocks) 47, 48, and 49, whereon the leads 
are solder bonded. The first lead 37 Is wire bonded to a 
first terminal 43 of a three temiinal device 44, such as 
the gate of an IGBT die, via a wire 42. The second lead 
39 is wire bonded to a second temiinal 46 of the three 
temninal device, such as the emitter of an IGBT die, via 
a wire 45. The third lead 38 is soldered to the first copper 
layer 30, which is electrically coupled to the collector of 
the three terminal device, which also is soldered to the 
first copper layer, as indicated by a solder layer 50. Oth- 
er devices, such as a field-effect transistor (FET), which 
is also a three temiinal device may be used. 
[0021] In one embodiment, power IGBTs or FETs (or 
power devices) are designed to handle voltages up to 
3,000 volts and handle currents of over 100 amperes at 
70 volts. Therefore, power dissipation is an important 
consideration for the power devices, as well as electrical 
isolation of the second copper layer from the die 26 for 
operator safety. 

[0022] Fig. 3 depicts a simplified side view of the pow- 



er device 24 with the plastfc encapsulant removed. For 
purposes of illustration, the device 24 is illustrated as a 
device satisfying (or being compatible with) a TO-247 
package standard. However, the devbe 24 is not limited 
5 to such a package standard. For example, the device 
24 may meet the package standards of TO 220, TO 264, 
SOT 227B, and others. Those skilled in the art will ap- 
preciate that the TO-247 package is a Joint Electronic 
Device Engineering Council ("JEDEC") standard pack- 
to age configuration that is often used with power semi- 
conductor die to produce packaged power semiconduc- 
tor devces. 

[0023] Refenring back to Fig. 3, the center lead 38 is 
provided with a bent 52, so that a portion of the lead 38 

15 may be bonded to the first copper layer 30 while main- 
taining the other two leads 37 and 39 above the first cop- 
per layer. The other two leads are electrically coupled 
to the different tennlnals of the die. The encapsulant (not 
shown) provides mechanical support for the leads. In 

20 addition, edges 31 of the first and second copper layers 
are set back from an edge 33 of the ceramic layer 33 to 
ensure better electrical isolation of the two copper lay- 
ers. 

[0024] Fig. 4 depicts a top plan view of the direct bond- 
25 ed metal substrate 28 of the device 24, and Fig. 5 de- 
picts a cross sectional view of the direct bonded metal 
substrate 28, according to one embodiment of the 
present invention. The direct bonded metal substrates 
provide superior thennal conductivity dueto its "eutectic 
30 bond" between the conductive layers and the dielectric 
layer. 

[0025] In the present exemplary embodiment, the 
substrate 28 is a DCB substrate with alumina as the di- 
electric layer 32. The dielectrte layer could be other ma- 

35 terial, such as aluminum nitride, beryllia (BeO), or other 
insulating material compatible with direct bonded metal 
substrate fabrication. One or both of the copper layers 
may be tinned or plated. However, these thickness are 
given merely as examples, and thk^ker or thinner layers 

40 could be used in other embodiments. The first conduc- 
tive layer 30, e.g., a copper layer, is patterned to have 
a plurality of conductive islands or blocks 54, 56, and 
58, whereon a plurality of bonding portions of the leads 
37, 38, and 39 are bonded as shown in Fig. 2. 

45 [0026] Refenring to Fig. 6, in one embodiment, a direct 
bonded metal substrate 60 having a curved surface is 
used to fabricate the device 24 in order to provide a pow- 
er device having an optimal backside shape for purpos- 
es of dissipating heat. Such an optimal backside shape 

so may be slightly different for different power devices or 
even for the same type of power devices used in differ- 
ent environments. In some instances, a desired back- 
side shape of the power device may be a flat surface, 
whereas in other instances it nriay be a slightly curved 

55 surface. Also the magnitude of the curvature also may 
be adjui^ted to provide an optimal backside shape. 
[0027] Among other methods, a direct bonded metal 
substrate, such as the DCB 60, with a particular surface 
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curvature may be used to configure the shapes of the 
backsides of power devices to a desired specification. 
For example, where a power device having a flat back- 
side is desired, the Inventor has discovered that the 
power device may be provided with an unwanted curved s 
surface at its backside if a flat DCB substrate is used for 
the device. The plastic package molding step is per- 
fomied generally in a temperature at about 175°C or 
more by injecting molten plastic polymer into a mold 
wherein the device is placed. The molten plastic poly- 10 
mer flows around the device and fomns a hard solid en- 
capsulant, such as the encapsulant 36 of Fig. 1 , as the 
plastic cools down. During this cooling period, the plastic 
shrinks at a higher rate than the DCB substrate due to 
their thermal expansion coefficient differences. As a re- '5 
suit, a power device having a curved backside, such as 
a power device 62, may be provided (Fig. 7). The cur- 
vature at a backside 64 of the power device may reduce 
thermal conductivity of the device since the entire sur- 
face area of the backside may not be joined to a heatsink 20 
to dissipate power generated by the device. 
[0028] Accordingly, in one embodiment, the curved 
substrate 60 is used to fabricate the power device 24 
having a flat backside. The curved substrate 60 has a 
first conductive layer 66, a second dielectric layer 68, 25 
and a third conductive layer 70. The substrate 60 has a 
length D^ and a pitch D2, where the pitch Dg represents 
a vertical distance between an edge of the first conduc- 
tive layer and a center of the first conductive layer. In 
one embodiment, the pitch D2 ranges from 0.0005 to 30 
0.01 5 Inch , or 0.005 to 0.01 0 inch, or 0.001 to 0.003 Inch, 
or 0.001 to 0.003 inch. Alternatively, the pitch Dg is be- 
tween 0.001 X Di to 0.073 X preferably about 0.0017 
X Di to 0. 005 X Dv 

[0029] Distance of the pitch may be by varied by con- 35 
trolling the thickness of the conductive layer 32 or 34, 
e.g., the pitch increases with the thickness of the copper 
layer. In one embodiment, the thickness of one or both 
copper layers is adjusted to obtain a desired pitch. Dis- 
tance of the pitch may also be varied by providing pat- ^0 
terns on one or both conductive layers. For example, 
the conductive layer 70 is provided with patterns 72 and 
74 to form the pitch D2. Using these and other methods, 
the extent of the pitch Dg may be varied to accordingly 
to offset the effects of the molding step and obtain a 
power device' having a substantially flat backside (Fig. 
1). 

[0030] Referring to Fig. 8, in another embodiment, a 
power device 76 having a cun^ed (or convex) backside 
78 may be desired. The power device 76 includes a so 
semiconductor die 80 provided over a direct bonded 
metal substrate 82, which are enclosed in an encapsu- 
lant or plastic package 84. The backside 78 of the device 
includes a lower conductive layer of the substrate 82 
and a lower surface of the package 84. The die 80 has 55 
a length L^, and the package 84 has a length L2. The 
device or package has a pitch L3 on a first end 86 of the 
device, and a pitch L4 on a second end 88 of the device. 



These two pitches may be substantially the same or dif- 
ferent. The power device is be securely attached to a 
heatsink 90 having a fiat surface 91 using a mounting 
clip (not shown), a screw (not shown), or the like. 
[0031] In one embodiment, a portion 92 of the back- 
side 78 directly below the die is substantially flat and in 
contact with the heatsink 92 to dissipate heat generated 
by the device. The pitch L3 is defined as a vertical dis- 
tance from a lower surface of the end 86 to an imaginary 
horizontal line 94 defined by the flat surface 91 of the 
heatsink. Similarty, the pitch L4 is defined as a vertical 
distance from a lower surface of the end 88 to the im- 
aginary horizontal line 94 defined by the flat surface 91 
of the heatsink. 

[0032] During the operation of the power device 76, 
the heat generated by the power devk:e 76 expands the 
plastic package 84 and bends the ends 86 and 88 of the 
device toward the heatsink 90. Accordingly, the power 
device 76 is provided with a substantially flat backside 
whose entire surface is clamped to the heatsink to en- 
able better heat dissipation. In one embodiment, for 
smaller packages (e.g. . TO-247) one or both of the pitch 
L3 and L4 are no more than about 0.002 inch (0.0508 
mm),. preferably no more than about 0.001 inch (0.0254 
mm). For larger packages (e.g.. TO-264 or SOT-227), 
one or both of the pitch L3 and L4 are no more than about 
0.004 inch (0.118 mm), preferably no more than about 
0.002 inch (0.0508 mm). Alternatively, the pitch L3 and 
L4 may be defined in temns of the package length L2. 
For example, L3 is less than or equal to 0.002 x Lg, pref- 
erably less than or equal to 0.001 x Lg, and L4 is less 
than or equal to 0.002 x Lg, preferably less than or equal 
to 0.001 x L2. Alternatively, L3 is less than or equal to 
0.0008 X Lg preferably less than or equal to 0.0005 x 
L2, and L4 is less than or equal to 0.0007 x Lg, preferably 
less than or equal to 0.0005 x Lg. 
[0033] Fig. 9 is a simplified top view of a lead frame 
96 with a plurality of the DCB substrates 28, 60. The 
copper lead frame 96 is made from alloy 1 94, TAM AC- 
4, or equivalent. The center leads 38 are soldered to the 
first copper layer 30 of the DCB substrates. After die at- 
tach and wirebonding, a plurality of u noncapsulated de- 
vices will be cut from the lead frame using a trimming 
tool or other means, as are known in the art. 
[0034] A molding press is loaded with unencapsulat- 
ed devices and plastic encapsulant Is heated and 
fomed around the device in accordance with the appro- 
priate package specification, if any. The yield through 
the encapsulation process is higher, for DCB packaged 
devices than if similar devices with bare ceramic sub- 
strates were encapsulated. Use of a DCB substrate re- 
duces cracking of both the substrate and the semicon- 
ductor die. Cracking of the substrate is reduced because 
the composite DBC stmcture provides support for the 
ceramic layer Cracking of the semiconductor die is also 
reduced because the thennal expansion coefficient of 
copper more closely matches that of silicon than does 
the thenmal expansion coefficient of typical ceramics. 
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[0035] Furthermore, using a bare ceramic substrate 
for a packaged power semiconductor device typically In- 
creases costs and reduces thermal perfomiance com- 
pared to a DOB packaged power semiconductor device 
according to one embodiment of the present invention. 5 
First, in order to attach the die to a ceramic substrate, a 
die attach pad is usually provided. This is often done by 
silk-screening a metal-glass frit onto the ceramic sub- 
strate and firing the frit. The metal in the frit is usually 
an expensive noble metal, and the screening and firing io 
process results in additional yield toss. Second, the ther- 
mal performance of a package with a bare ceramic sub- 
strate is inferior to the DCB package. 
[0036] The die-side or first copper layer of the DCB 
package serves as a heat-spreading layer to basically ^5 
increase the heat-transfer area from the "footprint" of the 
semiconductor die out to nearty the entire DCB sub- 
strate area, i.e., the area of 30 the die-side copper layer. 
For a given thickness of ceramic, which typically has 
higher thermal resistance than copper, a larger heat- 
transfer area will provide superior heat transfer across 
the high-resistance layer, as those skilled in the art will 
appreciate. 

[0037] The back-side or second copper layer also im- 
proves the thermal performance of .the DCB package in ^5 
a number of ways. Although the die-side copper layer 
spreads the heat from the die, the temperature in the 
vicinity of the die ("undemeath" the die) will be higher 
than the temperature at the edge of the die-side copper 
layer. The extent of this heat gradient depends on many 30 
factors; however, the back-side copper layer serves to 
spread the heat transferred across the ceramic layer 
and reduce the fonmation of a hot-spot underneath the 
die. Heat spreading from both copper layers also reduc- 
es heat-related stress and resultant cracking of the sub- 35 
strata and/or die, thus improving reliability. 
[0038] Additionally, the direct-bonding process Inti- 
mately attaches the copper to the ceramic, providing for 
excellent thennal conduction from one layer to the next. 
This thermal conduction is better than typically occurs 40 
when contacting a bare ceramic substrate against a 
heatsink. The high thermal resistance of the ceramic im- 
pedes lateral heat spreading, so that each microscopic 
contact point with the heatsink becomes a hot-spot, 
while the heat-conductlvlty of the back-side copper layer ^5 
provides good lateral heat conduction, reducing the con- 
sequences of localized contact with the heatsink. Final- 
ly, the back-side copper layer allows the DBC packaged 
device to be soldered to a heatsink, thermally coupling 
the entire area of the back-side layer to the heatsink. so 
[0039] Even if the back side of a ceramic substrate 
were coated with frit and fired, the thennal perfomnance 
would not equal that of the DCB packaged device, as 
the metal-glass matrix of the fired frit does not conduct 
heat as well at the copper layer of the DBC packaged 55 
.device. Therefore, the DBC packaged power device can 
thermally couple to a heatsink while providing electrical 
isolation. 



[0040] Rgs. 1 0A-IOC illustrate an assembly proce- 
dure for attaching leads and dice to DCB substrates in 
a single soldering operation. Fig. 1 0A is an exploded top 
view of the piece parts used to fabricate a chip-attached 
strip 1 00 that will be used to fabricate a number of TO- 
247 packaged isolated power semiconductor devices, 
as an example. Other package configurations could be 
used in the assembly process, such as the TO-220 or 
TO-264 style packages, with appropriate modification of 
the tooling and othercomponents. The components and 
tools include power semiconductor dice (chips) 102. a 
chip aligner tool 1 04. made from graphite, a copper lead 
frame 106, solder prefomns 108, DBC substrates 110, 
and an assembly boat 112, also made from graphite. 
The chip aligner tool and assembly boat could be made 
with other material compatible with the intended assem- 
bly process, such as alumina, quartz, boron nitride, or 
others. 

[0041 ] Fig. 1 0B is an exploded side view of the com- 
ponents and tools, and Fig. IOC is the assembled unit 
with the chip alignertocl 1 04 and the assembly boat 1 12 
holding the power semiconductor die 102 and the cop- 
per lead frame 1 06 in proper alignment to the DCB sub- 
strate 110 and solder prefomn 108. 
[0042] Fig. 1 1 is a flow diagram for an assembly proc- 
ess 120 of a TO-247 chip-attached strip according to 
one embodiment of the present invention. The DCB sub- 
strates are placed in machined pockets in the assembly 
boat (step 122). The DCB substrate may or may not 
have a curved surface according to one embodiment or 
the present invention. The solder preforms are placed 
over the DCB substrates (step 124). The copper lead 
frame is placed in a separate machined pocket to align 
the contact pads of the lead frame to the contact pads 
of the patterned die-side copper layer of the DCB sub- 
strate (step 1 26). The chip allgnertool is placed over the 
assembly boat, further holding the leads in proper align- 
ment to the DCB substrate (step 128). and the power 
semiconductor dice are placed in pockets in the chip 
aligner tool that align the chip to the DCB substrate (step 
130). The assembly is then heated to melt the- solder 
and to concurrently solder the copper lead frame and 
power semiconductor dice to the DCB substrates (step 
1 32). The solder process is typically carried out in a sin- 
gle pass In a reflow belt furnace in a reducing atmos- 
phere, thus eliminating the need for a solder flux, as is 
known in the art, but other furnaces or heat sources 
could be used. 

[0043] Additionally, the chip could be attached to the 
DCB substrate in one operation and the leads attached 
in another, such as using a high-temperature solder or 
braze, or eutectic die attach, for the chip attach, and an- 
other solder, spot-weld, or similar operation for the lead 
attach. DCB substrates could be attached to lead 
frames, and these subassemblies could be shipped to 
an assembly facility, where the semiconductor dice 
would be attached and the wire-bonding and encapsu- 
lation perfonned. Normally, the first attachment process, 
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whether it be used to attach the leads or the dice, results 
in an attachment that is reliable at the temperature of 
the second attachment process. 
[0044] In one embodiment, the solder prefomi Is a 
sheet of solder that is oversized in comparison to the 
DCB substrate 30 When the solder melts, It wets only 
the metal parts of the assembly^ thus leaving the ceram- 
ic portions of the substrate and the assembly tools bare 
of solder. 

[0045] Alternatively, the chip aligner tool Is not neces- 
sary if power semiconductor dice have solder pre-ap- 
plied to the back of the dice. In that instance, the dice 
will self-align to the right spot on the DCB substrate. 
Self-alignment may be facilitated by patterning the die- 
side copper layer in accoroance with the footprint of the 
intended semiconductor etc Alternatively, automated 
die placement or die bonding equipment can be used to 
place each die on the DBC suosiraic. 
[0046] Fig. 12A is a simplified view of a DCB pack- 
aged power semiconductci cicvicc 140 solder bonded 
to a heatsink 142, as indicated by a solder layer 144. 
Alternatively, the DCB packaged power semiconductor 
device could be clipped, screwed, bolted, or otherwise 
attached to the heatsink. Fig 128 is a simplified side 
view of a DCB power semiconductor device 146 at- 
tached to a heatsink 148 with a clip 1 50. The clip is met- 
al such as spring steel or beryllium -copper, or plastic. 
[0047] Figs. 13A-13D illustrate a power device 200 
having SOT class of packages ("SOT power device"), 
e.g., SOT 227, SOT 227B, as described in the patent 
application entitled, "Power Device with a Plastic Mold- 
ed Package and Direct Bonded Substrate." assigned to 
the assignee of the present application and filed in the 
U.S. Patent andTrademari< Office concurrently with the 
present application (Attorney Docket 
Oil 775-007931 US), which is incorporated by reference 
for all purposes. Such a power device has a higher pow- 
er semiconductor than typical single in-line packaged 
devices such as TO-220. TO-247, and TO-254. Those 
skilled in the art will appreciate that the SOT class of 
packages and TO class of package are Joint Electronic 
Device Engineering Council ("JEDEC") standard pack- 
age configurations that are often used with power sem- 
iconductor die to produce packaged power semiconduc- 
tor devices. 

[0048] Generally, SOT power devices are configured 
to handle blocking voltages from 70 to 1 000 volts, output 
currents from 36 to 340 amperes, and output power from 
500 to 700 watts. Alternatively, they may handle block- 
ing voltages of up to 1 500 volts, or even up to 2000 volts 
or more. As used herein, the term "SOT power devtee" 
refers to any power device that is compatible with the 
SOT class of packages as listed above or a power de- 
vice having a plurality of leads overiying a top suriace 
of the power device. As used herein, the temn "SOT 227' 
refers to SOT 227 or any other variation or version of 
SOT 227 including SOT 227B. 
[0049] As shown in the figures, the power devk;e 200 



has a plastic package 202 and a direct bonded metal 
substrate 204 according to one embodiment of the 
present invention. In one embodiment, the substrate 
204 uses alumina rather than aluminum nitride as its ce- 
5 ramc substrate. Rg. 13A shows a first side elevational 
view of the device, and Fig. 13B shows a second side 
elevational view of the devrce, where the first and sec- 
ond side views are views with 90 degree shifts from each 
other. Fig. 13C shows a bottom plan view of the devtee 
10 200 including the plastic package 202 and a backskJe 
of the direct bonded metal substrate 204, which may be 
copper, aluminum or other conductive metal, as ex- 
plained in greater detail later. The device 200 has a 
length about 1 .496 Inch in one embodiment of the 
15 present invention. 

[0050] The plastic package includes a first extension 
210 extending outwardly from the direct bonded metal 
substrate in a first direction and a second extension 212 
extending outwardly from the direct bonded metal sub- 
20 strate in a second direction that is in opposite direction 
from the first direction. The first and second extensions 
are plastic and have holes 214 and 216 extending 
through the extensions to facilitate mounting of the de- 
vice 200 to another device, e.g., a heatsink. The holes 
25 21 4 and 21 6 are configured to receive screws, bolts, 
nails, or the like. Fig. 13D shows a top plan view of the 
device, where the leads are overiying a top suriace of 
the device 200. 

[0051 ] When seen externally, the device 200 includes 
30 the plastic package 202, a backside (or tower suriace) 
of the direct bonded metal 204, and a plurality of leads 
206 extending outwardly from the package. Generally, 
a lower surface or backside of the plastic package 202 
is flushed to the backside of the direct bonded metal 
35 204. In another embodiment, the backside of the direct 
bonded substrate 204 may extend slightly below the 
backside of the package 202. Although not seen from 
outside, the device 200 Includes, as in the device 24, a 
semiconductor die (not shown) enclosed within the 
40 package 202 to regulate electrical current. 

[0052] In one embodiment,, the device 200 is de- 
signed to operate at about 70 to 1000 volts (V^s), gen- 
erate cunrent (Iqs) about 30 to 350 amperes, and han- 
dle output power of about 500 to 700 watts. In another 
45 embodiment, the device 200 is designed to operate up 
to 1 500, 2000, or 3000 volts (V^s) anc* generate current 
Cos) ^^^^ amperes. In one embodi- 

ment, the device 200 is a discrete device having a single 
semiconductor die enclosed within the package. 
50 [0053] Fig, 14A depots a top plan view of the direct 
bonded metal substrate 204 of the device 200, and Fig. 
14B depicts a cross sectional view of the direct bonded 
metal substrate 204, according to one embodiment of 
the present invention. The direct bonded metal sub- 
55 strate 204 has a first conductive (front side) layer 218 
that is bonded to a second dielectric layer 220, typically 
of ceramic material, that is In turn bonded to a third con- 
ductive (backside) layer 222. As used herein, the term 
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"first and third conductive layers" also may be referred 
to as "first and second conductive layers," or vice versa. 
In one embodiment, the sutistrate 204 has a curved 
backside 224 to provide the device 200 with a flat or 
curved backside, explained in connection with the de- 
vice 24. In another embodiment, the device 200 uses a 
direct bonded metal substrate having a flat backside to 
obtain a curved backside. 

[0054] The direct bonded metal substrate may be a 
direct copper bonded (DCB) or direct aluminum bonded 
(DAB) substrate. The DCB substrates have copper as 
the first and second conductive layers, and the DAB 
substrates have aluminum as the first and second con- 
ductive layers. In one embodiment, the substrate 204 
may have different metals for the first and third conduc- 
tive layers. 

[0055] Fig. 15 depicts a method 300 for fonming the 
direct bonded metal substrate 228, e.g., a OBC sub- 
strate, according to one embodiment of the present In- 
vention. A detailed description of manufacturing the di- 
rect bonded metal substrate according to one embodi- 
ment is provided in U.S. Patent No. 4,483,810, which is 
incorporated by reference for all purposes. 
[0056] Generally, the method involves placing a con- 
ductive or metal layer substrate on a dielectric or ceram- 
ic substrate and heating them to a temperature between 
the eutectic temperature and the melting temperature of 
the conductive substrate. For example, a metal sub- 
strate, e.g., copper, is placed on a ceramic substrate 
(step 302). In one embodiment, the conductive metal 
substrate or layer has been patterned to obtain a direct 
bonded metal substrate having a curved surface. In an- 
other embodiment, a selected thbkness of the conduc- 
tive metal layer is used to obtain a direct bonded metal 
substrate having a curved surface. 
[0057] A thin oxide layer may be formed over the cop- 
per substrate on the side facing the ceramic substrate 
or on the both sides. The copper and ceramic substrates 
are placed in a carrier, preferably of silicon carbide or 
graphite core with a silicon carbide coating, and iriserted 
into a furnace. The copper and ceramic substrates are 
preheated (step 304). The preheat step is typically per- 
fomried in a first zone within the fumace to gradually 
ramp up the temperature of the substrates. The first 
zone may include a plurality of sub-zones in one em- 
bodiment. The temperature within the first zone is kept 
at no more than about 960° C in one embodiment of the 
present invention. 

[0058] The copper and ceramic substrates are heated 
to a temperature between eutectic and melting temper- 
atures, of copper (step 306). Generally, the substrates 
are moved into a second zone within the fumace during 
this step. In one embodiment, the peak temperature 
within the second zone is less than 1083** C, preferably 
about 1071° C, to raise the temperatures of the sub- 
strates to above the eutectic temperature of copper, 
which is about 1065* C. As a result a eutectic melt is 
formed between the copper substrate and the ceramic 



substrate. 

[0059] The substrates are cooled to a predetemnlned 
temperature to solidify the eutectic melt (step 306). Gen- 
erally, the substrates are moved to a third zone within 

5 the fumace. The solidifbation of the eutectic melt does 
not occur instantaneously, and the bonding process is 
not completed until the tennperature drops well below 
the eutectic temperature, usually about 100** C below 
the eutectic temperature. The cooling process generally 

'0 involves two or more steps to gradually ramp down the 
temperature during a period of about 20 minutes. The 
resulting product is a direct bonded copper substrate, 
such as the DBC substrate 204 (step 310). 
[0060] While the invention has been particulariy 

IS shown and described with reference to a specific em- 
bodiment thereof, It will be understood by those skilled 
in the art that the foregoing and other changes in the 
fomn and details may be made therein without departing 
from the spirit, or scope of the invention. For example, 

20 embodiments of the present invention may bed used to 
in connection with a high frequency RF power device, 
as disclosed in U.S. Patent Application No. 09/992,602, 
filed on November 13, 2001, which is incorporated by 
reference, to provide the device with a flat or curved 

25 backside. Therefore, the scope of this invention should 
not be limited to the embodiments described above, and 
should instead be defined by the following claims. 
[0061] In the present specification "comprises" 
means "includes or consists of" and "comprising" means 

30 " including or consisting of". 

[0062] The features disclosed in the foregoing de- 
scription, or the following claims, or the accompanying 
drawings, expressed in their specific fomns or in terms 
of a means for perfomiing the disclosed function, or a 

35 method or process for attaining the disclosed result, as 
appropriate, may, separately, or in any combination of 
such features, be utilised for realising the invention in 
diverse fomis thereof. 

40 

Claims 

1 . A packaged power device, comprising: 

45 a substrate including a first conductive layer, a 

second dielectric layer, and a third conductive 
layer, the first conductive layer being bonded to 
the second dielectric layer, and the second di- 
electric layer being bonded to the third conduc- 

50 tive layer, the first and third conductive layers 

being electrically isolated from each other, the 
substrate having a lower su rf ace ; 
a semiconductor die being bonded to the first 
conductive layer of the substrate; 

55 ' a plastic package enclosing the die and having 

a lower surface; and 

a curved backside Including the lower surfaces 
of the plastic package and substrate. 
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2. The device of claim 1 , wherein the curved backside 
of the device is attached to a heatsink to dissipate 
power generated by the power device, the curved 
backside of the device being configured to expand 
toward the heatsink during the operation of the pow- 
er device, so that heatsink is in contact substantially 
with the entire backside of the power device. 

3. The power device of claim 1 , wherein the backside 
of the power device includes a center portion direct- 
ly underlying the die, a first outer portion extending 
outward from the center portion in a first direction 
and a second outer portion extending outward from 
the cenicr portion in a second direction, wherein the 
ccnicr portion ol the backside is substantially flat. 

4. The pcwcr device of claim 3, wherein the center 
portion of ihc curved backside of the device overlies 
llHlly Hgainsl a heatsink to dissipate power gener- 
atcd by the power device, and the first and second 
outer pontons of the backside are provided above 
the heatsink without contacting the heatsink. 

5. The power device of claim 4, wherein the power de- 
vice is solder bonded to the heat sink. 

6. The power device of claim 5, wherein the center 
portion of the backside is solder bonded to the heat- 
sink and the first and second outer portions are not 
solder bonded to the heatsink. 

7. The power device of claim 1 , wherein the substrate 
is a direct bonded metal substrate. 

8. The power device of claim 1 , wherein the substrate 
is a direct copper bonded substrate, wherein the 
first and third conductive layers are copper layers. 

9. The power device of claim 1 , wherein the substrate 
is a direct aluminum bonded substrate, wherein the 
first and third conductive layers are aluminum lay- 
ers. 

10. The power device of claim 1 , wherein the package 
has a length N1 and the backside has a pitch N2, 
wherein the pitch N2 is no more than 0.002 x N1 . 

11. The power device of claim 1 , wherein the pitch is a 
vertical distance from a center of the backside to an 
edge of the backside, wherein the backside has a 
pitch that is no more than 0.001 inch. 

12. A power device, comprising: 

a direct bonded metal substrate having a first 
conductive layer, a second dielectric layer, and 
a third conductive layer; 
a semiconductor die bonded to the first conduc- 
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tive layer of the substrate; and 

a plastic package having a lower surface and 

substantially enclosing the die and exposing a 

lower surface of the second conductive layer. 

wherein a backside of the devk:e has a curved 

surface. 

The power devk^e of claim 1 2, wherein the backside 
of the device has a pitch of no more than about 
0.002 inch. 



14. The power device of claim 12, wherein the devtee 
confonns to a TO-247 package standard, wherein 
the backside of the device has a pitch of no more 

15 than about 0.001 inch. 

15. The power device of claim 12, wherein the direct 
bonded metal substrate is a direct aluminum bond- 
ed substrate. 
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16. The power device of claim 12, wherein power de- 
vice satisfies SOT 227 package standard. 

17. The power device of claim 12, wherein the third con- 
ductive layer has a pattern to provide the substrate 
with a curved surface. 



18. The power device of claim 12. wherein the first and 
third conductive layer has different thickness to pro- 

30 vide the substrate with a curved surface. 

19. A method of manufacturing a packaged* power de- 
vice, comprising: 

35 providing a substrate having a curved surface; 

bonding a semiconductor die on the curved 
substrate; and 

forming a plastic package to enclose the die. 

40 20. The method of claim 1 9, wherein the fomiing step 
includes: 



placing the substrate and the die Into a mold; 
providing molten plastic polymer at a high tem- 
perature; and 

cooling the plastic polymer to obtain a hard 
plastc package, 



45 



50 



wherein the plastic shrinks at a different rate 
than the substrate to offset the curvature of the sub- 
strate to provide a power device having a substan- 
tially flat backside. 



21. The method of claim 19, wherein the fomning step 
55 includes: 

placing the substrate and the die into a mold; 
providing molten plastic polymer at a high tem- 
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perature; and 

cooling the plastic polymer to obtain a hard 
plastic pactoge, 

wherein the plastic shrinks at a different rate s 
than the substrate to offset partly the curvature of 
the substrate to provide a power device having a 
slightly curved backside, 

wherein the substrate is a direct bonded alu- 
minum substrate. *^ 

22. The method of daim 21 , wherein the direct bonded 
substrate includes a first conductive and a second 
conductive layer separated by a dielectric layer, 
wherein the second conductive layer is patterned to is 
provide the direct bonded substrate with the curved 
surface. 

23. The method of claim 21 , wherein the direct bonded 

substrate includes a first conductive and a second 
conductive layer separated by a dielectric layer, 
wherein the first and second conductive layers have 
different thickness to provide the direct bonded sub- 
strate with the curved surface. 
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